Twenty-five strains currently classified into 14 serological types or species of the genus Vibrio obtained from the NCIB and NCTC have been studied in detail for morphological, cultural and biochemical characters in two independent studies. The results indicate that these strains include members of three distinct taxonomic groups or genera, Vibrio, Pseudomolzas and Cornamonas. The new generic name Comamolzas, type species C. pmcolang, replaces Lophomonas (Galarneault & Leifson) which is invalid.
INTRODUCTION

Thirty-four species are listed in the genus Vibrio of Bergey's Manual (1957).
These species are so heterogeneous in character that it is impossible to define the genus in exclusive terms.
In recent years several new diagnostic tests have been developed for use in bacterial classification, especially of the Gram-negative, polarly flagellate bacteria.
By applying a large range of tests to a small number of strains of so-called vibrios, we hoped to clarify the characters of the genus Vibrio and appraise the true taxonomic relationships of certain species at present included in the genus. The work to be described was carried out as independent studies by the two authors. One of us (R.W.A.P.) examined a group of vibrios as part of a comparative study of the polarly flagellate bacteria commonly found in surface waters (see Park, 1961 a) . The other (G.H.G.D.) was asked by Dr R. Cain to determine the taxonomic relationships of a so-called vibrio (vibrio 01, Happold & Key, 1932) commonly used in biochemical studies, e.g. Cain (1961) . In order to do this a number of other vibrio strains were obtained for comparative study. Although basically similar, the two studies differ in the tests, techniques and strains used and sometimes in the results obtained, but, as we hope to show, the conclusions which can be drawn from both studies are in good agreement. The simplest way of presenting our information is to divide each of the sections of this paper dealing with Methods and Results into two parts, distinguished by the initials of the author concerned. & McCartney, 1953) and also in a dilute meat extract medium (Simon, 1956) , both media containing bromothymol blue as pH indicator. Arabinose was added as a Seitz-filtered solution to sterile base: gas production from this sugar was not tested for. All other carbohydrate media were steam sterilized. Control tests without carbohydrate were also inoculated. Initial pH of all tests was 7.4, and tests were read after 24 hr. and 7 days' incubation. As results were identical by both methods, only one set has been recorded.
(ii) Utilization of carbohydrates as sole carbon sources. Tested upon following medium (%, wlv): NH,Cl, 0-1; K$HPO,, 0.1; MgSO,, 0.05; agar, 1.5. Same carbohydrates used as in (i) above, at same concentration, all added as Seitz-filtered solutions. Utilization was inferred from the growth of an organism within 7 days in two successive subcultures. Controls without carbohydrate were included.
(iii) Oxidation versus fermentation of glucose; test as described by Hugh & Leifson (1953) , initial pH 7.4.
(iv) Production of reducing compounds from gluconate (Haynes, 1951) . Medium Taxonomy of Vibrios 103 solution added to give final concentration of 4 % (w/v). Dispensed aseptically, inoculated and shaken by hand twice daily during 5 days' incubation. Tested with Benedict's qualitative reagent.
(v) Acetylmethylcarbinol production from glucose, using Barritt's (1986) method, but incubated for 5 days.
(vi) Methyl-red test after 5 days' incubation (Mackie & McCartney, 1953 11. Gelatin hydrolysis, using 0-5 yo (w/v) gelatin in nutrient agar and flooding 5-day growth with acid mercuric chloride (Frazier, 1926) .
12. Serum hydrolysis, observed after 24 hr. and 7 days' growth upon inspissated serum.
18. Casein hydrolysis, using Hastings' (1904) method with 10 yo (vlv) skimmed milk in nutrient agar; examined after 5 days.
14. Hydrogen sulphide production from peptone water, detected with lead acetate paper; examined after 24 hr. and 7 days.
15. Urea breakdown within 7 days, using Christensen (1946) medium in liquid form. Controls without area were included.
16. Tributyrin hydrolysis, detected by clearing of 0.2% (vlv) tributyrin in nutrient agar after 24 hr. and 7 days.
17. Utilization of organic acids as sole carbon sources, inferred from growth within 7 days in two successive subcultures upon the inorganic medium described in 4, (ii) above containing 0-25y0 (w/v) of acid. Tested: succinic, malic, acetic, citric, pyruvic, lactic, malonic, and formic acids, all supplied as Seitz-filtered solutions of the sodium salts.
18. Utilization of ethanol and production of excess acid was tested by growth within 7 days in two successive subcultures upon inorganic medium (4 ii above) containing 1 yo (wlv) calcium carbonate and 1 yo (v/v) 25. Pyocyanin production. In addition to routine observation of all cultures, 7-day growth upon the glycerol-peptone medium of Gessard (1891) was examined for diffusible pigment in daylight and under a source of ultraviolet radiation fitted with a Wood's glass (u.v.).
26. Fluorescin production. In addition to routine observation, strains were tested for this character in the medium of Georgia & Poe (1931) and upon the inorganic base described in 4 (ii) above containing D-glucose (1 yo, w/v) and CaCO, (1 %, w/v). Cultures were examined after 1,3, and 7 days in daylight and under U.V.
27. Resistance to antibacterial agents. Tested : penicillin, 2.5 i.u. ; Terramycin, 10 pg. ; streptomycin, 80 pg. ; chloramphenicol, 100 pg., and E4-diamino 6:7-diisopropyl pteridine (vibriostatic agent 0/129). Inhibition of growth at 24 hr. by these substances was tested upon nutrient agar seeded with organisms using Evans 'Sentest' disks (antibiotics) (v) Acetylmethylcarbinol (acetoin) production and final pH from 1 yo (w/v) glucose in the basal medium of (i) 25. Phosphatase production, tested upon nutrient agar containing 0-006 yo (w/v) phenolphthalein phosphate, exposed after 5 days to vapour from 0.880 ammonia solution.
26. Growth within 7 days on nutrient agar containing 5 % (w/v) NaCl, 5 or 10 % (w/v) sodium taurocholate; growth and reduction with 0.2 or 1 yo (w/v) triphenyl tetrazolium chloride (T.T.c.) (Meitert, Meitert & Horodniceanu, 1960 ---- 
show the same degree of pleomorphism, only straight and curved rods and spheroplasts were seen (Pl. 1, fig. 2 ). All these strains exhibited single polar flagella upon the short cell forms and often had a flagellum at both poles of the longer forms, some of which appeared to be dividing (Pl. 1, fig. 1 ). Spheroplasts commonly retained flagella but motility of spheroplasts was never observed in living material (cf. Jeynes, 1961) . Strain 8194 ( Vihio euneatw) consisted of robust, round-ended rods which were usually curved (Pl. 1, fig. 4) . One or more polar flagella were seen (1-10, R.W.A.P.). No pleomorphism other than variation in cell length was observed and this may correlate with observed colonial variations between smooth soft and rough hard forms. The tapering cell forms described by Gray & Thornton (1928) were not seen.
Strains 2581 (Vibrio qclosites) and 2582 (V. mocistes) were observed by R.W.A.P.
as fairly robust, straight rods with round ends, usually bearing 2-6 flagella at one pole and one at the other (Pl. 1, fig. 8 ). Leifson (1960) has illustrated a very similar form (Leifson, fig. 16d) showing division of the organism. Our figure does not  show by both authors to consist of robust, straight rods with round ends and 1-5 flagella. at one pole (Pl. 1, fig. 5 ). Filamentous forms showing constrictions were common, cf . Leifson (1960, fig. 16c ), and strain 2582 above. Similar tendencies to filamentous (Park, 1961a) . Variation from polar to peritrichous flagellation as described by Lesson & Hugh (1953) for this organism was not observed, although in a preparation stained by Leifson's (1960) Detailed comparisons of our other results can readily be made from the tables we have given. One or two features of these results will serve as examples.
Differences in the results of Kovacs oxidase test and the cytochrome oxidase test in the two studies probably reflect a lack of definition in the execution and reading of these tests. One of us (G.H.G.D.) found some variation in results of the cytochrome oxidase test when the strains were tested in various ways, e.g. young and old, broth and agar cultures. Agar cultures tested by the filter-paper technique gave the clearest results. On the other hand, differences in the results for tributyrin attack are explained by the use of different tributyrin concentrations by the two authors (see Methods). It is interesting to note that all six strains of Vibrio comma tested by G.H.G.D. failed to grow in 7 days on 1% (wlv) tributyrate agar (cf. Collins & Hammer, 1984) .
Good general agreement in carbohydrate metabolism tests is noticeable. The detection of weak oxidation of glucose by strain 2581 (G.H.G.D.) and late attack of various sugars by the same strain may be explained by the absence of peptone from the basal medium used (cf. Liu, 1952 The attack on hide powder by Vibrio comma confirmed to some extent the report by Narayanan & Menon (1952) of collagenase activity in this organism. This character is fairly common in other Gram-negative polarly flagellate bacteria.
In our results the egg-yolk reaction of Vibrio comma was interpreted as due to lipolysis. The 'pearly layer' effect of Willis (1960) was evident, and zones of what appeared to be a crystalline precipitate which reacted with copper sulphate were produced. Felsenfeld (1944) reported lecithinase activity in V. comma.
The test for lysine-clecarboxylase activity yielded clear results and may be of taxonomic value (Szturm-Rubinsten, Pidchaud & PiCchaud, 1960). Thibault & Le Minor (1957) reported the use of this test for the differentiation of enterobacteria.
Preliminary analyses of the cell-wall amino-acid components of strains 4693, 8250 and 8194 by the technique of Davis & Freer (1960) indicated gross similarity between these strains and various other Gram-negative bacteria (c.g. Neisseria sp., coliforms, etc.). Qualitative diflerentiation was not possible and all strains so far examined yielded typical Gram-negative, i.e. complex, amino acid patterns.
DISCUSSION
In this study we have applied a large number and variety of simple tests to a small number of bacterial strains representing all but two (Vihio fetus, see Park, 1961 b, and V. metschnikovii) of the so-called vibrios available in the National Collection of Industrial Bacteria and National Collection of Type Cultures. Although the results obtained by the two authors differ in details, the classification of strains derived from these two independent studies is the same, Tables 1 and 2 show how the strains were analysed into groups; the first group in each table represents what we consider to be true members of the genus Vibrio, the second (strain 8194) exhibits characters typical of Pseztdorpumas Jlzcorescens, while the third group is comprised of strains that we regard as representatives of the genus named Lophomonas by Galarneault & Leifson (1956) . Before proceeding to discuss our results it is important to explain that a change of nomenclature is necessary regarding the genus Lophomonas (Galarneault & Leifson) . In 1860 Stein gave the name Lophomonas to a genus of protozoa found in the cockroach colon; see Wenyon (1926) have pointed out, there seems no justification for retaining this strain in the genus Vibrio. We see no reason why this organism should not be reclassified as a strain of P s e u d~~j l U o r e s c e n s .
See Rhodes (1959) & Park (1061 a) for comparable studies upon other strains of P.Jluorescm,
The organisms of our third group gave either negative or weak positive results in most of the tests tried, and because they resembled each other in this respect we consider them sufficiently alike to be included in the genus Comamas. Upon the available evidence we cannot decide whether only one species. i.e. Cornamas percolam, is represented but this seems probable. Certain variations between strains and even within single strains were noticeable in this group and these suggest a gradation toward the typical Psezcdomonas. Strain 8250 displayed an ability to utilize various aromatic compounds, while strain 2581 showed some evidence of carbohydrate attack. Similar but more marked gradations towards Pseudomonas have been noted independently in other strains of Cornamonas by both authors, e.g. Park (1961 a). We thus conclude that we can detect in Cornamonas a continuation of the trend towards inactivity, as judged by the biochemical tests currently used, that was observed by Rhodes (1959) in the phytopathogenic strains of Psezwlomorwls. None of the Comurnonas strains examined in this work had any history of pathogenicity, but the production of yellow pigment by 2581 (notably on milk agar) is of interest in this connexion. In spite of these considerations we feel that it is taxonomically useful to place in a separate genus, Cornammas, those polarly flagellate bacteria that neither produce a compound which fluoresces under U.V. nor show any clearly defined attack on carbohydrates.
The three so-called vibrios of Gray & Thornton (1928), strains 8194, 2581, and 2582, gave different results in some cases from those originally reported for these strains. Of chief interest is probably the failure of the phenol-utilizing Vibrio cyclosites (2581) to utilize phenol in our test. It is to be expected, however, that after 30 years of laboratory maintenance these strains might show some changes in their reactions. We consider that although such changes may have occurred, the strains currently labelled as V. cycbsites, V. wocistes and V. cuw& represent Gray & Thornton's original isolates. Gray & Thornton's classification was acknowledged to be 'one of convenience only and its temporary nature recognized'; over reliance upon their results from diagnostic tests is probably best avoided. (Shimwell et al. 1960) was also suspected, but Dr J. G. Carr kindly examined the organism and confirmed that classification in Acetomonas or Acetobmter was unjustified. (Note: Dr Carr also confirmed the lack of motility in the strain supplied to him by G.H.G.D., and did not detect any acid production from ethanol although the strain did produce irisation on ethanol-chalk agar and grew with ethanol as sole carbon source.)
The main object of this study was to define more accurately the genus Vibrio.
Our results show that the strains we studied include a clear-cut and compact p u p , all basically the same as V. comma in morphological, cultural and biochemical characters. The overall similarity of the members of this group leads us t o conclude that they are members of a single species; the conclusion drawn by Sneath & Cowan (1958) that the genus Vibrio might reasonably be downgraded to species rank is of interest in this context.
In Table 4 , 1961 a) . The serological heterogeneity of most of these strains does not necessarily exclude them from Vibrio, but neither do the isolation methods nor biochemical results reported ensure that all the strains examined were vibrios, In the circumstances it is easy to see why such workers as Gray & Thornton (1928) allotted dubious organisms to Vibrio.
Only by making closer and more detailed taxonomic studies of organisms that workers at present consider as Vibrio spp., and by unifying the diverse interests in vibrio-like bacteria from various habitats, e.g., marine, soil, animal, human, can we hope to rectify the situation that exists and has been responsible for the inclusion in the genus Vibrio of Bergey's MarzzcaZ(l957) of such a heterogeneous collection of bacteria.
Figs. 1, 7. Strain 8563 ( V i W proteus) showing straight and curved rob, spheroplasta and long dividing forms, single and bipolar monotrichous flagellation. Fig. 1, x c. 3000; Fig. 7 , x c. 4500. grew at 80' and in 0.5 % and 1 % NaCI, and were susceptible to Terrsmycin 10 units and Chloramphenicol100 units. None gave positive Eijkman reaction, utilized or produced acid from dulcitol, grew at 4&' or in 9 % NaC1, produced pyocyanin, or gas.
(c) In G.H.G.D. results, all strains grew at 25' and 3 0 ' ; all utilized succinate and citrate.
None produced acid from dulcitol, sorbitol, raffinose or inulin. None produced gae from glucose, gave V.P. +reaction, grew at 44", produced dihydroxy-acetone from glycerol, were susceptible to bacitnrcin 5.5 units, oleandomycin 5 pg., penicillin 2.5 and 1 units. All were susceptible to Terramych 100 and 25 units.
(a) In Table 1 , under 'Acid production (and utilization of) :' + , k and -refer to acid production only.
